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Comment on “Resonant Spectra and the Time
Evolution of the Survival and Nonescape Proba-
bilities”
Some time ago, Garc´ıa-Caldero´n, Mateos and Moshin-
sky [1] investigated the time evolution of the quantum
decay of a state initially located within an interaction re-
gion of finite range. In particular, they showed that the
survival S(t) and nonescape P (t) probabilities behave dif-
ferently at large times: S(t) ∼ t−3, whereas P (t) ∼ t−1
when t → ∞. The purpose of this Comment is to show,
following their analysis, that P (t) ∼ t−3 also — a result
already reported in the literature [2].
According to Ref. [1], P (t) ∼ t−1 asymptotically be-
cause (Eq. (21); equation numbering follows Ref. [1])
∆ ≡
∞∑
r=−∞
∞∑
s=−∞
C∗rCsIrs
k∗rks
6= 0.
However, ∆ = 0, instead. To prove this, we use the
definition of Irs [Eq. (15)],
Irs =
∫ R
0
u∗r(r)us(r) dr,
to rewrite ∆ as∫ R
0
f∗(r)f(r) dr, f(r) ≡
∞∑
n=−∞
Cnun(r)
kn
.
Using the definition of Cn [Eq. (12)], the function f(r)
can be rewritten as
f(r) =
∫ R
0
ψ(r′, 0)
(
∞∑
n=−∞
un(r
′)un(r)
kn
)
dr′,
where ψ(r, 0) is the wave function at t = 0. Since the
term in parentheses vanishes [Eq. (7)], it follows that
f(r) = 0, which completes the proof.
To prove that P (t) ∼ t−3, it is convenient to work di-
rectly with the time-dependent Green function, g(r, r′; t),
which, for (r, r′) < R, can be written as [Eq. (9)]
g(r, r′; t) =
∞∑
n=−∞
un(r)un(r
′)M(kn, t).
Using Eqs. (18) and (19), and the relations k−n = −k
∗
n,
u−n(r) = u
∗
n(r), one can find the asymptotic expansion
of g(r, r′; t):
g(r, r′; t) ≈
∞∑
n=1
un(r)un(r
′) e−ik
2
n
t
+
A
t1/2
∞∑
n=−∞
un(r)un(r
′)
kn
+
B
t3/2
∞∑
n=−∞
un(r)un(r
′)
k3n
+ . . . ,
where A and B are constants. Again, because of Eq.
(7), the coefficient of At−1/2 cancels out exactly and,
therefore, g(r, r′; t) ∼ t−3/2 when t→∞. Since
P (t) =
∫ R
0
ψ∗(r, t)ψ(r, t) dr,
and
ψ(r, t) =
∫ R
0
g(r, r′; t)ψ(r′, 0) dr′,
it follows that P (t) ∼ t−3 asymptotically.
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